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Structural  stability  analyses  performed  for  this  report  Indicate  that 
the  factors  of  safety  are  below  recommended  values  for  all  conditions  studied. 
In  addition,  there  was  a  wet  area  noted  at  the  downstream  toe  of  the  dam 
which  extended  for  about  100  feet  from  the  edge  of  the  spillway  channel 
toward  the  left  end  of  the  dam. 


dam 


-S  It  is  recommended  that  within  3  months  of  the  date  of  notlfical 
*f  the  owner,  further  investigations  of  the  structural  stability  of 
5nd  of  the  wet  area  at  the  downstream  toe  should  be  commenced.  The« 
studies  should  Include  subsurface  explorations  to  obtain  information' about  j 
the  dam’s  foundation  and  about  uplift  forces.  This  data  should  then  be 
Incorporated  into  a  detailed  stability  evaluation.  Necessary  remedial  measures 
to  correct  both  the  stability  deficiencies  and  the  wet  area  should  be  com¬ 
pleted  within  18  months. 


The  hydrologic/hydraulic  analysis  performed  indicates  that  the  dam 
will  be  overtopped  by  all  storms  exceeding  3U  of  the  Probable  Maximum 
Flood  (PMF).  Stability  analyses  performed  for  this  structure  Indicate  that 
when  the  dam  is  subjected  to  the  flow  resulting  from  one-half  the  PMF,  the 
factors  of  safety  are  below  recommended  values.  Since  the  dam  Is  only  margin¬ 
ally  stable  under  this  loading  condition,  the  spillway  capacity  has  been  rated 
as  inadequate. 


Accession  For 

NTIS  GRAAI 
DTIC  TAB 
Unannounced 
Justification- 


□ 

□ 


By — 

Distribution/ 

Availability  Codes 

Dlst 

Avail  and/or 
Speoial 

ft 

> 

s 


DTIC 

ELECTE 
OCT  30  1981 


D 


i 

I 


SECURITY  CLASStriCAflOH  OF  THIS  PAGEfWwi  !>•?*  lT*f#r#0 

f 


This  report  la  prepared  under  guidance  eonealned  in  the 
Secnmended  Guidelines  {or  Safety  Inspection  of  Dane,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  any  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  nay  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  napping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
Identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  daa  is  based  on  observations  of  field  conditions 
at  the  tine  of  inspection  along  with  data  available  to  the  inspection 
teen.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
Inspection,  such  action,  while  lap roving  the  stability  and  safety  of 
the  daa,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  Inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  daa  at  some  point  in  the  future.  Only  through  frequent 
Inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and. maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  tha  region  (greatest  reasonably  possible  storm  runoff) ,  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  tha  tasc  flood  should 
not  ba  interpreted  as  necessarily  posing  a  highly  Inadequate  condition. 
The  tasc  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  decarmining  the  need  for  more  detailed  hydrologic 
end  hydraulic  studies,  considering  the  size  of  tha  daa,  its  general 
condition  and  the  downstream  damage  potential. 
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Name  of  Dan: 

State  Located:.. 
County: 

Watershed: 

Stream: 

Date  of  Inspection: 


Cold  Spring  Dam  (Lower) 
(I.D.  No.  NY-107) 

New  York 

Putnam 

Lower  Hudson  River  Basin 
Foundry  Brook 
April  22,  1981 


ASSESSMENT: 

Visual  Inspection  of  this  dam  did  not  reveal  conditions  which  constitute 
an  Imnedlate  hazard  to  human  life  or  property.  However,  the  dam  has  some 
deficiencies  which  require  further  engineering  Investigations. 

Structural  stability  analyses  performed  for  this  report  Indicate  that 
the  factors  of  safety  are  below  recommended  values  for  all  conditions  studied. 
In  addition,  there  was  a  wet  area  noted  at  the  downstream  toe  of  the  dam 
which  extended  for  about  100  feet  from  the  edge  of  the  spillway  channel 
toward  the  left  end  of  the  dam. 

It  Is  recommended  that  within  3  months  of  the  date  of  notification 
of  the  owner,  further  Investigations  of  the  structural  stability  of  the  dam 
and  of  the  wet  area  at  the  downstream  toe  should  be  commenced.  These 
studies  should  Include  subsurface  explorations  to  obtain  Information  about 
the  dam's  foundation  and  about  uplift  forces.  This  data  should  then  be 
Incorporated  Into  a  detailed  stability  evaluation.  Necessary  remedial  measures 
to  correct  both  the  stability  deficiencies  and  the  wet  area  should  be  com¬ 
pleted  within  18  months. 

The  hydro! oglc/hydraul 1c  analysis  performed  Indicates  that  the  dam 
will  be  overtopped  by  all  storms  exceeding  31%  of  the  Probable  Maximum 
Flood  (PMF).  Stability  analyses  performed  for  this  structure  Indicate  that 
when  the  dam  Is  subjected  to  the  flow  resulting  from  one-half  the  PMF,  the 
factors  of  safety  are  below  recommended  values.  Since  the  dam  Is  only  margin¬ 
ally  stable  under  this  loading  condition,  the  spillway  capacity  has  been  rated 
as  Inadequate. 

Several  other  deficiencies  were  noted  on  this  structure.  These  defic¬ 
iencies  should  be  corrected  within  12  months  of  the  date  of  notification  of 
the  owner.  Among  the  required  actions  are  the  following: 

1.  Large  trees  growing  along  the  downstream  toe  of  the  dam  should  be 


cut. 


2.  Deteriorated  concrete  and  cracks  on  the  crest  should  be 


repaired. 


3.  An  emergency  action  plan  for  the  notification  of  downstream 
residents  should  be  developed  and  Implemented. 


I.D.  NO.  NY-107 
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SECTION  T:  PROJECT  INFORMATION 
1.1  GENERAL 


a.  Author! ty 

*  The  Phase  I  Inspection  reported  herein  was  authorized  by  the 
Department  of  the  Army,  New  York  District,  Corps  of  Engineers,  to 
fulfill  the  requirements  of  the  National  Dam  Inspection  Act,  Public 
Law  92-367. 

b.  Purpose  of  Inspection 

This  inspection  was  conducted  to  evaluate  the  existing  conditions 
of  the  dam,  to  Identify  deficiencies  and  hazardous  conditions,  to 
determine  if  these  deficiencies  constitute  hazards  to  life  and  property 
and  to  recommend  remedial  measures  where  required. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam 

’  Cold  Spring  Dam  (Lower)  Is  a  laid  up  stone  and  concrete  dam  with 
an  overflow  spillway  located  near  the  right  end  of  the  dam.  The 
dam  is  330  feet  long  and  about  20  feet- high.  The  crest  width  of  the 
dam  is  15  feet. 

The  spillway  consists  of  three  openings  each  approximately  10  feet 
wide  and  2.5  feet  high.  Openings  are  separated  by  concrete  piers,  each 
of  which  are  1.5  feet  wide.  These  piers  support  a  5  inch  thick  concrete 
foot  bridge  across  the  top  of  the  spillway. 

The  dam  has  a  12  inch  diameter  low  level  outlet  pipe  passing  through 
a  rectangular  opening  at  the  base  of  the  spillway  section.  The  valve 
for  this  pipe  is  located  In  a  concrete  manhole  in  the  reservoir.  A 
short  concrete  bridge  provides  access  between  the  dam  crest  and  this 
manhole.  T  his  pipe  is  used  to  discharge  water  from  the  reservoir  when 
It  Is  required  by  the  water  supply  system  . 

b.  Location 

This  dam  Is  located  off  Lake  Surprise  Road  in  the  Town  of  Philips- 
town.  It  is  approximately  one  mile  west  of  New  York  State  Route  9  and 
about  3  miles  north  of  the  Village  of  Cold  Spring.  The  Cold  Spring 
Upper  Reservoir  Is  located  immediately  upstream  of  this  reservoir. 


c.  Size  Classification 

This  dam  Is  20  feet  high  and  has  a  storage  capacity  of  approximately 
70  acre-feet.  Therefore,  the  dam  Is  In  the  small  size  category  as  defined 
by  the  "Recommended  Guidelines  for  the  Safety  Inspection  of  Dams." 

d.  Hazard  Classification 

TRTs  dam  Is  classified  as  "high"  hazard  due  to  the  presence  of  two 
homes  immediately  downstream  of  the  dam  and  several  other  residences 
located  adjacent  to  the  stream  channel  approximately  1  mile  downstream 
of  the  dam. 

e.  Ownership 

This  dam  is  owned  by  the  Village  of  Cold  Spring  whose  mayor  Is 
Mr.  Ronald  A.  McConvIlle.  His  address  Is  Cold  Spring,  New  York  10516. 

His  office  telephone  nuod>er  Is  (914)  265-3611. 

f.  Purpose  of  Dam 

This  dam  was  originally  constructed  to  Impound  water  for  the  West 
Point  Foundry.  It  was  purchased  by  the  Village  of  Cold  Spring  In  about 
1925  to  provide  an  additional  water  supply.  It  continues  to  be  used 
for  this  purpose. 

g.  Design  and  Construction  History 

This  dam  was  reportedly  constructed  In  about  1840.  It  was  recon¬ 
structed  in  1939.  Mr.  Allan  Smith,  Professional  Engineer  of  Cold  Spring, 
designed  the  modifications. 

h.  Normal  Operating  Procedures 

There  are  no  prescribed  operating  procedures  for  this  structure. 

Water,  when  it  Is  required  by  the  water  supply  system,  is  discharged 
Into  Foundry  Brook. 

1.3  PERTINENT  DATA 


a. 

Dralnaqe  Area  (acres) 

496 

b. 

Discharge  at  Dam  (cfs) 

Spillway  with  Water  Surface  at  Top  of  Dam 

365 

Low  level  outlet  with  water  surface 
at  spillway  crest 

13 

c. 

Elevation  (USGS  Datum) 

Top  of  Dam 

628.5 

Spillway  Crest 

626.0 
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d.  Reservoir  -  Surface  Area  f acres) 


Top  of  Dan  12 

Spillway  Crest  9 

e.  Storage  Capacity  (acre-feet) 

Top. of  Dan  70 

Spillway  Crest  54 

f.  Dam 


Type:  Laid  up  stone  dam  covered  with  concrete  on  crest  and 
upstream  face 


Dam  Length 

(ft) 

330 

Crest  Width 

(ft) 

15 

Dam  Height 

(ft) 

20 

g.  Spillway 

Type:  Uncontrolled  broad  crested  weir;  divided  into  three 
sections  which  are  separated  by  bridge  piers »  each  section  approx¬ 
imately  10  feet  wide  by  2.5  feet  high. 

Wier  Length  (ft)  31.25 

h.  Low  Level  Outlet 


Type:  12  inch  diameter  pipe  through  rectangular  opening  in  dam 
which  outlets  at  downstream  toe;  concrete  manhole  at  upstream  face 
contains  valve  controlling  flow  through  pipe;  valve  stem  extends  to 
top  of  manhole;  access  via  bridge  from  dam  crest. 


Control:  Valve  Is  reportedly  operational. 


SECTION  2:  ENGINEERING  DATA 

2.1  GEOTECHNICAL  DATA 

a.  Geology 

The  Cold  Spring  Dan  (Lower)  Is  located  In  the  Hudson  Hills  segnent 
of  the  New  England  Uplands  physiographic  province  of  New  York  State. 
These  hills,  connonly  known  as  the  "Highlands  of  the  Hudson"  are  com¬ 
posed  of  crystalline  rocks  similar  to  those  In  the  Adlrondacks.  The 
highlands,  which  trend  northeast-southwest,  have  been  eroded  to  form 
very  rugged  terrain  with  sunmlt  levels  reaching  1000  feet  above  sea 
level.  Bedrock  In  the  area  consists  of  gneiss,  quartzite,  and  narble 
from  the  Precanbrlan  era  (more  than  570  million  years  ago).  A  review 
of  the  Brittle  Structures  Map  of  New  York  Indicates  that  there  are  two 
faults  within  one  mile  of  the  dam.  These  are  both  fault  traces,  but  no 
further  Information  was  available. 

Surflclal  soils  In  the  area  consist  of  glacial  drift  from  the  Wisconsin 
glaciation. 

b.  Subsurface  Investigations 

No  records  of  any  subsurface  Investigations  performed  for  this 
structure  were  available.  An  Inspection  report  from  1939  provided  some 
limited  foundation  Information.  The  dam  had  been  dewatered  at  the  time 
of  this  Inspection.  The  report  stated  that  old  concrete  on  rock  formed 
the  foundation  at  the  north  end  of  the  structure  and  Iron  ore  (cemented 
by  oxidation)  comprises  the  foundation  at  the  south  end. 

2.2.  DESIGN  RECORDS 

•  There  were  no  records  available  concerning  the  original  design  of 
this  structure.  An  application  for  reconstruction  of  the  dam  and  one 
plan  sheet  (Included  In  Appendix  F)  prepared  In  1934  were  available. 

The  designer  of  these  revisions  was  Allan  Smith,  professional  engineer 
of  Cold  Spring,  New  York.  The  files  also  contained  several  letters 
from  representatives  of  the  New  York  State  Department  of  Public  Works, 
who  reviewed  the  reconstruction  plans,  to  the  designer.  Minor  modifi¬ 
cations  to  the  design,  such  as  providing  a  cutoff  to  Impervious  strata 
were  suggested  In  these  letters. 

There  were  several  discrepancies  between  the  plan  sheet  and  the 
as-built  cross  section  of  the  dam.  The  most  substantial  revisions  were 
made  on  the  spillway  section.  A  sketch  of  the  existing  spillway  section 
was  developed  from  measurements  made  at  the  time  of  the  Inspection  and 
has  been  Included  In  Appendix  C. 

2.3  CONSTRUCTION  RECORDS 


No  construction  records  were  available  for  this  structure. 
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2.4  OPERATION  RECORDS 


No  operation  records  were  available  for  this  structure. 

2.5  EVALUATION  OF  DATA 

Data  used  for  the  preparation  of  this  report  was  obtained  froai 
the  Department  of  Environmental  Conservation  files  and  from  measure¬ 
ments  taken  during  the  visual  Inspection.  The  plans  available  did 
not  accurately  reflect  the  as-built  conditions.  Therefore,  measure¬ 
ments  made  during  the  Inspection  were  used  to  perform  some  of  the 
analyses  required  for  this  report. 


SECTION  3:  VISUAL  INSPECTION 
3.1  FINDINGS 

a.  General 

Visual  Inspection  of  the  Cold  Spring  Dam  (Lower)  was  conducted 
on  April  22,  1981.  The  weather  was  clear  and  the  temperature  was 
In  the  fifties.  The  water  level  at  the  time  of  the  Inspection  was 
slightly  above  the  spillway  crest  elevation. 

b.  Dam 

This  dam  is  composed  of  laid  up  stone  with  concrete  covering 
the  crest  and  upstream  face.  The  concrete  was  In  satisfactory 
condition  with  only  minor  cracking  and  spalling  at  the  joints.  One 
crack  was  noted  near  the  left  end  of  the  dam  which  extended  across  the 
entire  width  of  the  dam.  There  were  a  few  stones  which  had  been  dis¬ 
placed  on  the  downstream  face  but  generally  the  face  was  In  good  con¬ 
dition.  There  were  several  large  trees  growing  along  the  downstream 
toe  of  the  dam. 

A  wet  area  was  observed  on  the  left  end  of  the  dam  Immediately 
beyond  the  downstream  toe.  This  area  began  at  the  tree  adjacent  to 
the  spillway  channel  and  extended  100  feet  along  the  toe  toward  the 
left  end  of  the  dam.  While  no  flow  was  observed  coming  from  beneath 
the  dam,  there  were  several  places  where  the  wet  area  extended  up  to 
or  under  the  toe.  The  water  from  this  wet  area  flowed  away  from  the 
dam  through  an  18  Inch  diameter  culvert  pipe  beneath  the  road  near 
the  left  end  of  the  wet  aree-. 


c.  Spillway 

The  spillway  section,  having  three  openings,  was  In  satisfactory 
condition.  The  concrete  forming  the  spillway  crest  on  the  two  outside 
openings  was  In  good  condition.  There  was  some  spalling  and  cracking 
In  the  middle  opening.  Some  concrete  deterioration  was  observed  around 
the  bases  of  the  piers  supporting  the  bridge  over  the  spillway.  The 
wlngwalls  separating  the  spillway  channel  from  the  remainder  of  the 
dam  was  also  In  good  condition. 

d.  Low  Level  Outlet  and  Manhole 

”  The  manhole  and  low  level  outlet  were  In  satisfactory  condition. 

The  valve  on  the  12  Inch  outlet  pipe  was  reported  to  be  operable.  There 
was  minor  deterioration  of  concrete  on  the  manhole.  Inspection  of  the 
Interior  revealed  several  areas  of  minor  leakage  Into  the  structure. 

e.  Reservol r 

There  were  no  signs  of  soil  Instability  In  the  reservoir  area. 

The  Cold  Spring  Dam  (Upper)  formed  the  upstream  limit  of  this  reservoir. 

f.  Downstream  Channel 

The  spillway  discharges  Into  a  small  pool  downstream  of  the  dam. 

Two  21  Inch  diameter  corrugated  metal  pipes  carried  flows  under  the  dirt 


road  downstream  of  the  dam.  Beyond  the  road,  the  natural  channel 
meanders  through  woodlands. 

3.2  EVALUATION  OF  OBSERVATIONS 

Visual  observations  revealed  several  minor  deficiencies  on  this 
structure.  The  following  Items  were  noted: 

1.  A  wet  area  at  the  downstream  toe  of  the  dam  extending  from 
the  edge  of  the  spillway  channel  about  100  feet  toward  the  left 
end  of  the  dam. 

2.  Several  large  trees  growing  along  the  downstream  toe  of  the 
dam  . 

3.  Several  minor  cracks  In  the  concrete  on  the  crest  of  the  dam. 

4.  Deteriorated  concrete  In  the  middle  opening  of  the  spillway. 

5.  Minor  deterioration  and  leakage  through  concrete  on  the  manhole. 

6.  Limited  discharge  capacity  of  the  two  pipes  under  the  road 
downstream  of  the  dam. 


4.1  PROCEDURES 


There  are  no  prescribed  operating  procedures  for  this  dam.  The 
valve  on  the  low  level  outlet  pipe  Is  opened  when  water  Is  needed 
for  the  Village  water  supply.  Water  then  flows  In  Foundry  Brook  to 
the  treatment  plant  approximately  2.5  miles  downstream  of  the  dam. 

4.2  MAINTENANCE  OF  PAH 

This  dam  Is  maintained  by  the  Village  of  Cold  Spring,  there  Is  no 
established  maintenance  plan  but  work  Is  performed  as  required  by 
village  personnel. 

4.3  WARNING  SYSTEM  IN  EFFECT 

There  Is  no  apparent  warning  system  present  for  the  evacuation  of 
downstream  residents. 

4.4  EVALUATION 


The  operations  and  maintenance  procedures  on  this  dam  are  generally 
satisfactory*  Some  Increase  In  maintenance  efforts  Is  needed  to  correct 
minor  deficiencies  which  exist  on  this  structure. 


SECTION  S:  HYDROLOGIC/HYDRAULIC 


5.1  DRAINAGE  AREA  CHARACTERISTICS 

Delineation  of  the  watershed  draining  Into  the  reservoir  pool 
was  made  using  the  USGS  7.5  minute  quadrangle  sheet  for  West  Point. 

New  York.  The  496  acre  drainage  area  consists  primarily  of  forested 
lands.  The  Cold  Spring  Upper  Dam  controls  the  upper  464  acres  of  the 
drainage  area.  Relief  is  relatively  steep  in  the  entire  drainage  area 
with  slopes  of  up  to  50  per  cent.  Hilltops  within  the  drainage  area 
rise  to  elevations  of  up  to  475  feet  above  the  normal  lake  level. 

5.2  ANALYSIS  CRITERIA 

The  analysis  of  the  floodwater  retarding  capability  of  this  dam 
was  performed  using  the  Corps  of  Engineers'  HEC-1  computer  program. 

Dam  Safety  version.  This  program  used  the  Snyder  Synthetic  hydrograph 
and  the  "Modified  Puls"  flood  routing  procedure.  The  spillway  design 
flood  selected  for  analysis  was  the  Probable  Maximum  Flood  (PMF)  In 
accordance  with  the  recommended  guidelines  of  the  U.S.  Army  Corps  of 
Engineers.  The  PMF  event  is  that  hypothetical  storm  event  resulting 
from  the  most  critical  combination  of  rainfall,  minimum  soil  retention, 
and  direct  runoff  to  a  specific  site  that  Is  considered  reasonably 
.  possible  for  a  particular  watershed.  Precipitation  values  used  In  the 
analysis  were  obtained  from  the  Weather  Bureau  publication  HMR33.  Soil 
retention  rates  selected  were  an  initial  loss  of  2.0  Inches  and  a  constant 
loss  of  0.16  Inches  per  hour 

For  the  purposes  of  this  analysis,  the  drainage  area  for  the  dam  was 
divided  into  two  sub-basins.  The  major  portion  of  the  watershed  (464  acres 
Is  controlled  by  the  Cold  Spring  Upper  Dam.  This  area  was  used  as  one 
sub-basin  and  outflows  were  routed  over  the  dam.  The  second  sub-basin 
consisted  of  the  32  acres  downstream  of  the  upper  dam. 

5.3  SPILLWAY  CAPACITY 

The  dam  has  an  ungated  spillway  near  Its  right  end.  The  spillway  Is 
composed  of  three  openings  separated  by  piers  which  support  a  concrete 
foot  bridge  across  the  top  of  the  spillway.  The  spillway  was  analyzed 
as  a  broad  crested  weir  with  a  discharge  coefficient  which  varied  according 
to  head.  The  effective  length  of  the  spillway  was  reduced  to  account  for 
turbulence  caused  by  the  piers.  The  computed  spillway  capacity  for  the 
water  surface  at  the  top  of  the  dam  Is  365  cfs. 

5.4  RESERVOIR  CAPACITY 

Surcharge  storage  capacity  of  the  reservoir  between  the  spillway 
crest  and  the  top  of  the  dam  Is  estimated  to  be  16  acre-feet  which  Is 
equivalent  to  a  direct  runoff  depth  of  0.39  Inches  over  the  drainage  area. 
The  total  storage  capacity  of  the  dam  Is  estimated  to  be  70  acre- feet. 


5.5  FLOODS  OF  RECORD 


No  Infornatlon  was  available  regarding  the  Maxim*  known 
flood. 

5.6  OVERTOPPING  POTENTIAL 

Analysis  using  the  PMF  and  one-half  the  PMF  storm  events 
Indicates  that  the  dam  does  not  have  sufficient  spillway  capa¬ 
city.  For  the  PMF,  the  peak  Inflow  and  outflow  are  both  approx¬ 
imately  1225  cfs.  The  dam  would  be  overtopped  to  a  computed  depth 
of  0.87  feet  for  this  event.  The  peak  Inflow  and  outflow  from  one- 
half  the  PMF  are  both  about  606  cfs  and  would  result  In  a  depth  of 
overtopping  of  0.34  ft.  All  storms  exceeding  31X  of  the  PMF  will 
result  In  the  dam  being  overtopped. 

5.7  EVALUATION 


Using  the  Corps  of  Engineers'  screening  criteria  for  Initial 
review  of  spillway  adequacy,  It  has  been  determined  that  the  dam 
would  be  overtopped  by  all  storms  exceeding  31 %  of  the  PMF.  Stability 
analyses  performed  Indicate  that  the  safety  factors  are  less  than 
desirable  when  the  dam  Is  subjected  to  storms  of  this  magnitude. 
However,  since  the  analysis  does  not  Indicate  that  the  dam  Is  unstable 
under  these  loading  conditions,  the  spillway  capacity  has  been  rated 
as  Inadequate,  rather  than  a  more  severe  assessment. 


SECTION  6:  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

Wsua)  observations  revealed  no  major  deficiencies  on  this 
structure.  Minor  cracking  and  deterioration  of  concrete  was  noted 
on  the  dam  and  In  the  spillway  section.  There  was  a  wet  area  which 
extended  for  approximately  100  feet  along  the  downstream  toe.  While 
no  flow  was  observed  coming  from  beneath  the  dam,  this  appeared  to 
be  a  likely  source  of  the  seepage. 

b.  Data  Review  and  Stability  Evaluation 

Mans  for  the  1934  reconstruction  of  this  dam  were  used  In  the 
stability  evaluation.  However,  measurements  made  at  the  time  of 
the  Inspection  Indicated  that  the  plans  do  not  accurately  represent 
the  existing  structure.  A  revised  cross  section  was  developed  for 
the  structural  stability  analysis  (see  Appendix  0). 

The  results  of  this  stability  analysis  are  as  follows: 


Overturning 

Resultant  In 

Sliding 

Case 

Safety  Factor 

Middle  Third 

Safety  Factor 

a. 

Normal  conditions,  water 
surface  at  spillway  crest 

2.21 

Yes 

1.89 

b. 

Same  as  Case  a.  plus 

Ice  load  of  5,000  #/ft 

1.75 

No 

1.26  • 

c. 

1/2  PMF  Flow; 

water  surface  0.34  feet 

over  the  top  of  dam 

1.87 

No 

1.36 

d. 

PMF  Flow; 
water  surface 

0.87  feet  over  top  of  dam 

1.84 

No 

1.29 

e. 

Normal  conditions 
with  seismic  coefficient 

2.15 

Yes 

1.12 

While  these  analyses  do  not  Indicate  that  the  dam  Is  unstable  (safety 
factors  below  1.0),  they  do  Indicate  that  the  factors  of  safety  are 
below  recommended  values  (factor  of  safety  for  sliding  of  3.0  and  for 
overturning  resultant  force  In  middle  th1rd)for  all  except  normal  con¬ 
ditions.  A  more  detailed  Investigation  of  the  structure  Is  required  to 
better  assess  the  stability  of  the  dam. 
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This  Investigation  should  Include  subsurface  explorations  to  obtain 
Information  about  the  foundation  material  and  uplift  forces.  This  Infor¬ 
mation  should  then  be  Incorporated  Into  the  stability  analysis.  Based 
on  the  results  of  this  analysis,  a  determination  should  be  made  as  to 
whether  modifications  to  the  structure  are  required. 

c.  Seismic  Stability 

"This  structure  Is  located  In  Seismic  Zone  1.  However,  a  seismic 
stability  analysis  was  performed  In  accordance  with  Corps  of  Engineer 
Guidelines.  The  seismic  analysis  was  performed  for  normal  conditions  with 
the  water  level  at  the  spillway  crest.  The  results  of  this  analysis  (shown 
on  page  11)  Indicate  that  the  safety  factors  are  below  the  recommended  values 
although  they  are  above  1.0. 
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SECTION  7:  ASSESSMENT/ RECOMMENDATIONS 
7.1  ASSESSMENT 


a.  Safety 

The  Phase  I  inspection  of  the  Cold  Spring  Dam  (Lower)  revealed 
several  deficiencies.  The  structural  stability  analysis  performed 
for  this  dam  Indicates  that  safety  factors  are  below  recomnended 
values  for  all  conditions  studied.  In  addition*  there  was  a  wet 
area  noted  at  the  downstream  toe  of  the  dam  which  extended  for 
about  100  feet  from  the  edge  of  the  spillway  channel  toward  the 
left  end  of  the  dam.  Other  deficiencies  noted*  such  as  deteriorated 
concrete,  were  of  a  minor  nature. 

This  dam  will  be  overtopped  by  flows  resulting  from  all  storms 
exceeding  312  of  the  PMF.  The  stability  analyses  performed  Indicate 
that  when  the  dam  Is  subjected  to  flows  resulting  from  one-half  the 
PMF*  the  safety  factors  are  below  recommended  values.  However,  the 
analysis  does  not  Indicate  that  the  dam  Is  unstable  under  these  load¬ 
ing  conditions.  The  spillway  capacity  has*  therefore,  been  rated  as 
Inadequate. 


b.  Adequacy  of  Information 

The  information  which  was  available  did  not  accurately  reflect 
all  aspects  of  the  structure  as  it  exists.  Field  measurements  made 
at  the  time  of  the  Inspection  uncovered  several  discrepancies  between 
the  plans  and  the  actual  dimensions.  Revised  cross  sections  based 
on  field  measurements  were  used  to  perform  the  analyses  for  this 
report.  Some  of  the  data  used  for  the  hydrologic/hydraulic  analysis 
was  based  on  estimates  as  well. 

c.  Need  for  Additional  Investigations 

Further  Investigations  of  tne  structural  stability  of  this  dam 
are  required.  These  studies  should  Include  subsurface  explorations 
to  obtain  Information  about  the  dam's  foundation  and  uplift  forces. 
This  data  should  then  be  Incorporated  Into  a  detailed  stability  eval¬ 
uation.  Investigations  are  also  required  to  determine  the  cause  and 
severity  of  the  wet  area  at  the  downstream  toe  of  the  dam. 


d.  Urgency 

Investigations  of  the  structural  stability  and  of  the  wet  area 
should  be  commenced  within  3  months  of  the  date  of  the  notification 
of  the  owner.  Remedial  measures  deemed  necessary  as  a  result  of 
these  Investigations  should  be  completed  within  18  months.  Other 
deficiencies  noted  In  section  7.2  should  be  corrected  within  12 
months  of  the  date  of  the  notification  of  the  owner. 
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7.2  RECOMMENDED  MEASURES 


1.  After  the  structural  stability  analysis  has  been  completed, 
appropriate  remedial  measures  should  be  taken. 

2.  Based  on  the  findings  of  the  Investigation  Into  the  wet  area 
on  the  downstream  toe,  corrective  actions  should  be  taken. 

3.  Large  trees  growing  along  the  downstream  toe  of  the  dam  should 
be  ait. 

4.  Deteriorated  concrete  and  cracks  on  the  crest  should  be  repaired. 

5.  Minor  deterioration  and  leakage  through  the  concrete  on  the 
manhole  should  be  kept  under  surveillance. 

6.  An  emergency  action  plan  for  the  notification  of  downstream 
residents  should  be  developed  and  Implemented. 
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UPSTREAM  FACE  OF  DAM 


DOWNSTREAM  FACE  OF  DAM 
WET  AREA  AT  TOE  OF  DAM 


DOWNSTREAM  FACE  OF  DAM;  SPILLWAY  SECTION 
NEAR  CENTER  OF  PICTURE 


SPILLWAY  SECTION;  NOTE  LOW  LEVEL  OUTLET  PIPE  AT 
BASE  OF  DAM 


SPILLWAY  SECTION  OF  DAM 
LOWER  LEVEL  OUTLET  PIPE  AND  TWO 
CULVERTS  UNDER  ROAD,  DOWNSTREAM  OF  DAM 


LOW  LEVEL  OUTLET  PIPE  AT  BASE  OF  SPILLWAY  SECTION 
NOTE  LARGER  OPENING  WHICH  PIPE  IS  WITHIN 
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VISUAL  INSPECTION  CHECKLIST 


1)  Basic  Data 
a.  General 


Name  of  Dam  Da 

Fed.  I.D.  #  107 _ 

River  Basin 

Location:  Town  P/V/L  iPST&ulW 
Stream  Name  FoQMbAftY  feftbbK 
Tributary  of 


Dam  No. 


County 


Longitude  (W)  73*g6.V 


Latitude  (N)  nil  7.T  _ Longitude  (W)  73  be.  3 

Type  of  Dam  Kdsottfty  Ccmc ftgrg 

Hazard  Category  _ C 

Date(s)  of  Inspection  *i/zz/ Rl _ 

Weather  Conditions  $0°  S^QA/zvy _ 

Reservoir  Level  at  Time  of  Inspection  5  BffAdu)  Cg£~^7- 


b.  Inspection  Personnel 


>.  LYa 


Persons  Contacted  (Including  Address  &  Phone  No.) 

Mr.  R6aM4.6  Me  Cod/y/4ig  A4T*ag _ j 

Cect  Sp*/a/s  Aj,P.  IQSI6 _ 


ITo^a/  <8  o  Kves-c*****^*' 
6*  a  ft  i  s  oaf .  A/.  K.  t  OSfcY 


History: 

Date  Constructed 


Designer 


/  8VQ 


Date(s)  Reconstructed  (Ill 


Constructed  By 

Owner  V.mfi  Cai-^  S^0.'V<S 


93-15-3(9/80)  £*84A//f«V£A<T-  Tucutf***  SffcT/tW  *  M>r  C^PL8T£6 

(1)  Erosion  at  Contact  _ _ _____ __ __ ______ _________ _____ _____ 


(2)  Seepage  Along  Contact 


4)  Instrumentation  (Momumentation/Surveys,  Observation  Wells,  Weirs, 
Piezometers,  Etc .I 
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5)  Reservoir 
a.  Slopes 


.  Sedimentation  A/a  ft.  bff  Po SlTS  ^i©TiF& 


c.  Unusual  Conditions  Which  Affect  Dam  OP  PS  I 
Gvk  OF  7*VS 


Is  OpSTR£A/^ 


6)  Area  Downstream  of  Dam 

a.  Downstream  Hazard.  (No.  of  Homes,  Highways,  etc.)  f/^WSffS  lA\A£b/A'7&£}' 

~  Seif  AML  &THARS  FoftTA/*A  bo  cam/S  T/ 


<r  7o  ^fiFT  OF 


.  Evidence  of  Movement  Beyond  Toe  of  Dam  /[/oM=! 


Condition  of  Downstream  Channel  SdTV  sF^CTafi.V*-  f  C  PUP'S  C ASM 

Ua JbelL  bfftT  £o*0  bo \a)MZTAeA*a  of  b* 


Including  Discharge  Conveyance  Channel 


0(/£*R.QtjJ  Sect/o 


a.  General  Ia/  "Thr-SE  Sgc T<q*/S  ti/y/6£k  By 

CoA/fcftgT g  P/ffftS  -  CqA/C&gTg  l*X9CtruJA9  Gog’S  dcftoss 
Top _ 

b.  Condition  of  Service  Spillway  r/OT/rr^CToP.y  Ow&tTVGA/ 

unva  M/kqp.  bcrgRtoft/9T<oA/ -4ftfeo*&  fl^sg  oe 

P/gRy. _ 

Ceasr  CoAfcggrg  Q/V  *7Zuc  OoTs/Qg  &AYs  iH 
CAki^rric^JJ  f\tbbL£  Bw  Co^cggrg  Is  Ia/A 

to^T/v  flo^gs  //v  _ 


? 
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c.  Condition  of  Auxiliary  Spillway 


d.  Condition  of  Discharge  Conveyance  Channel  StVfTFACTMLS 


8)  Reservoir  Drain/Outlet  *  £©u)  L.£V5L  QOTLMt 
Type:  Pipe  \/ _ Conduit _ 


Material :  Concrete 


Conduit 


Other 


Metal 


Other 


o  //  TmMOCM  /fecTrtVtfutA* 
1  fc  ~ _ L« 


Length 


Invert  Elevations:  Entrance  . 
Physical  Condition  (Describe) 


Unobservable 


Material : 


Joints :  ___________ 

Structural  Integrity: 


Hydraulic  Capability: 


Means  of  Control:  Gate 


Alignment 


Valve 


Uncontrolled 
_  Other 


Operation:  Operable  v  Inoperable  Other  ________ 

Present  Condition  (Describe)  :  hp£  £<T£Kbs  fcoM.  ClTyrfagst  OV 

a  S.  £*  c£  or  Sg-Rl/ff-5  4  s  tlVtTgft 


Soppcv 
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9)  Structural 

a.  Concrete  Surfaces  P^CTCfty  &</£R.Atc  ~  (» 

Aaj&  At  To  /MTS, 

~ "  -  -----  ■ 

i 


b.  Structural  Cracking  Oa/£  <jO  ^>CT'g>/&S  flcROfS 

CftfST  £  &OtkM/  (JpgT*£A4l  fvQCg _ 


c.  Movement  -  Horizontal  &  Vertical  Alignment  (Settlement)  WLlSA/M.E’AtT’ 

^T/sP/<crqfiV  oa/Q*  M/a/or.  Ur.£  6QL**m£S _ 


d.  Junctions  with  Abutments  or  Embankments  Si  / /S ^ICT'QftV'  ~  C~c\jj  AfiEk 

/It  Lest  of  UjouiA  f<.wj  diooift 

fcR  fl&oor  SO*'  figragg  id*"*  Qygft.TQPftfk _ 


e. 


Drains  -  Foundation,  Joint,  Face 


f.  Water  Passages,  Conduits,  Sluices  Ow quit  7Vfto pgl  gg cTl/Vs^/? 

0>pg/M/M/£-  Sirg'  £o«o  Levee  Career  Ssct/paj _ 


g.  Seepage  or  Leakage  lx))?T  Arj-A  *^Of  Oai  £'KymSM&S 

fftcvi  €*Q6£  Of  Sp/^Aiony  CiUAA/A/SC  TPUJrtaA  LfFT  CvA 

/9gqoT  fOQ  Peer.  No  Actqac  fUw s  Qg*eat# 

U)gR£  //<rrg ^  .  But  T^ekE  Placjes  Gj/Vg&g  f^r/^A4r^ 

(Og*r  A/g**.  oft  IW^gft  7Q£-,'  Ag*/*s  Tyftoogl  Cou/gftT 

U*deft 
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h.  Joints  -  Construction,  etc.  Q<V 


i .  Foundation  ^  ATI  Sir  ACTAft.V 


j.  Abutments  ^  k  AH 

k.  Control  Gates  <3*T£  Lou)  L&U&L  QQTLjT  Psf£  /s  fa  6*y<g  M<W*€ 

am  OS.  Pa<.s  -  S<u*£  herefiiiQtArtSA)  of  Q^ca.£T£  <w  6ATer*Hos& 
Sonne  Le.AK'A6£  //VT$ 

l.  Approach  &  Outlet  Channels  ____________________________________________ 


i.  Energy  Dissipators  (Plunge  Pool,  etc.)  A/qa (£ 


n.  Intake  Structures 


o.  Stability _ _ 

p.  Miscellaneous  g  (-&&&£  7wfS  l_M 

& 0 uJ A./ S’ TfL£A OF  Tot  OF 

\b\  flPfOR.T£*A*T  ~  t^*H£ 


T£TL 
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HYDROLOGIC/HYDRAULIC 
ENGINEERING  DATA  AND  COMPUTATIONS 


CHECK  LIST  FOR  DAMS 
HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


AREA-CAPACITY  DATA: 

Elevation 

(ft.) 

Surface  Area 
(acres) 

Storaae  Capacity 
(acre-ft.) 

Top  of  Dam 

Design  High  Water 
(Max.  Design  pool) 

622,  S 

[Z 

70 

AeuiAiary  Spillway 
Crest 

626, 4 

Sl.7 

Pool  Level  with 
Flashboards 

Service  Spillway 
Crest 

DISCHARGES 


1)  Average  Daily 

2)  Spillway  @  Maximum  High  Water 

3)  Spillway  @  Design  High  Water 

4)  Spillway  @  Auxiliary  Spillway  Crest  Elevation 

5)  Low  Level  Outlet 

6)  Total  (o£  all  facilities)  @  Maximum  High  Water 

7)  Maximum  Known  Flood 
S)  At  Time  of  Inspection 


Volume 

(cfs) 

H/A 

36S 

AIM. 

N/A 

\3 

H/A 

a/A 


93-15-4(9/80) 


CREST: 


ELEVATION:  6 


Type:  _ 

CcuckeT£  wen  Lj/b  Up  S  *ra m£ 

Width: 

Length:  ”5 

Spil lover 

Con c nerrs 

Location  AlfAg.  ftl<S/yT  £*&  OP 


SPILLWAY: 

SERVICE 

AUXILIARY 

6  ZQ 

Elevation 

u/A 

Cohcketm  ChahmeL 

Type 

^1,25  Ft 

Width 

Type  of  Control 


_______  Uncontrol  led  _ 

Control  led: 

—  .  Type  _ 

(Flashboards;  gate; 

_  Number  _ 

_ Size/Length  _ 

Invert  Material  _ 

Anticipated  Length 
of  operating  service  _ 

_____  Chute  Length 

Height  Between  Spillway  Crest 
&  Approach  Channel  invert 
(Weir  Flow) 


93-15 -M  9/80) 


HYDROMETEROLOGICAL  GAGES: 

Type  :  A/o  A/£ _ 

Location:  __ ^______ 

Records: 

Oate  -  _______ __ _ 

Max.  Reading  -  _____________________________ 

FLOOD  WATER  CONTROL  SYSTEM: 

Warning  System:  Kl& 

Method  of  Controlled  Releases  (mechanisms): 

RgLgAsg  "TVgoos/y  Lsi/ec  Porter 

PfP£  Adn/V. _ 


3 


93-15-4(9/80) 


4 


DRAINAGE  AREA: 


Acfi*5 


0,77  Sp.  fa; 


DRAINAGE  BASIN  RUNOFF  CHARACTERISTICS: 
Land  Use  -  Type:  FoRCST _ 


Terrain  -  Relief:  Ve  ft¥  S’  "TBS  P 


Surface  -  Soil:  <?0C K  4  Sc,4 _ 

Runoff  Potential  (existing  or  planned  extensive  alterations  to  existing 
(surface  or  subsurface  conditions) 

ft/gA J£ _ 


Potential  Sedimentation  problem  areas  (natural  or  man-made:  present  or  future) 

hlmt _ 


Potential  Backwater  problem  areas  for  levels  at  maximum  storage  capacity 
including  surcharge  storage: 


Jjs&M 


Dikes  -  Floodwalls  (overflow  S  non-overflow  )  -  Low  reaches  along  the 
Reservoir  perimeter:. 

Location:  _ 

Elevation:  _ 


Reservoir: 

Length  @  Maximum  Pool _ (Miles) 

Length  of  Shoreline  (g  Spillway  Crest)  (Miles) 
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DATE 
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COMPUTED  BY  DATE 

Pa 0  C/3/s; 
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00*15*1  (3/78) 
Formerly  GA-17 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 


JECT 

V^Tg-^S^A  P/3£/W£"7'<frt.-£ 


CHECKED  0Y 


■■■■■■■■■■■■■■■■■■I 

naiisssaamiiiHi 

BBZi^BBSSBSHBMBBI 

■■■■■■■■■■■■■■■■I 

■BBBBBBaaaBSBBBBBH 

mm  .  i  m  <>  saaaffli 


ssbbbbbbbbbbbbbi 

■■■■■■■■■■■■■■■■ 

■BBBaBBaaHnsBsaa] 

!■■■■■■■■■■■■■■■ 

QiQBassBBxnaBBaag 
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00-15-1  <V7B) 
Formerly  CA-17 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 

PROJECT  GRID 


JOO  . 

Cock  Spft/A/6  Louigg  Rese*V<3'* 

CHECKED  BY 

OATE 

SUBJECT 

S'TfiCE-STuZKCg'  4  SrjtE  (]/s <HA({<g£ 

bf\TA 

COMPUTED  BY 

I?  Lid 

DATE 

6/s/Sf 

'fl!5B9H£SBEBsaBBB£BBflEBflBBBBBBi 
aMKEEH®™H™BBE™""EB:!EEM!BI 

■ubbbbbbbbbbbbbbbbbbbbbbbbbbi 
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09*15*1  (3/78) 
Fonacfly  CA-17 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 


L<UUZil. 


SU8JECT 

SfULuJ*1/  briCUAUGe  CoMS 


CHECKED  BY 


COMPUTEO  BY 

Rl  u3 


fawwasji 


iHi 


m 


iKMai 


mi 


mm 


TwP  of 
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IBBE3EBI 
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80-15-1  (3/7* 
font  fly  CA*17 


NEW  VOW  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 
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FLOCO  MICROGRAPH  PACKAGE  (HEC-1)  NEK  FORK  STATE 

CAM  SAFETY  VERSION  JULY  1978  DEPT  OF  ENVIRONMENTAL  CONSERVATION 

LAST  MOD  IF  I  CATION  26  FEB  79  FLOOD  PROTECTION  BUREAL 

POOIFIEO  FOR  HONE YUELL  APR  79 
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APPENDIX  D 

STABILITY  COMPUTATIONS 
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STRUCTURAL  STABILITY  ANALYSIS 


Analysis  was  based  on  cross  section  shown  on  plans  with 
minor  modifications  based  on  measurements  made  at  time  of  the  In¬ 
spection.  The  cross  section  used  Is  shown  on  the  following  page.  A 
normal  analysis  was  performed,  Including  an  overturning  analysis, 
since  the  dam  has  a  composite  cross  section  consisting  of  both  con¬ 
crete  and  lald-up  stone.  Due  to  unknown  foundation  conditions,  full 
uplift  pressure  was  assumed  at  the  upstream  toe,  decreasing  to  tail- 
water  pressure  at  the  downstream  toe. 


ANALYSIS  CONDITIONS 

1.  Normal  conditions,  water  surface  at  spillway  crest. 

2.  Same  as  #1  plus  Ice  load  of  5,000  pounds  per  linear  foot. 

3.  %PMF  Flow  -  water  surface  0.34 feet  above  the  top  of  the 
dam. 

4.  PMF  Flow  -  water  surface  0.87  feet  above  the  top  of  the 
dam. 

5.  Normal  conditions  with  seismic  coefficient  of  0.1. 


C.  Q£.&  &Aiy\  CLouucR.] 

STAB I LITY  ANALYSIS  PROGRAM  -  WORK  SHEET 


INPUT  ENTRY 

Unit  Weight  of  Dam  (K/ft3) 

Area  of  Segment  No.  1  (ft2} 

Distance  from  Center  of  Gravity 
of  Segment  No.  1  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  2  (ft2) 

Distance  from  Center  of  Gravity 
of  Segment  No.  2  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  3  (ft*) 

Distance  from  Center  of  Gravity 
of  Segment  No.  3  to  Downstream 
Toe  (ft) 

Base  Width  of  Oam  (Total)  (ft) 

Height  of  Dam  (ft) 

Ice  Loading  (K/L  ft.) 

Coefficient  of  Sliding 

Unit  Weight  of  Soil  (K/ft3) 

(deduct  18) 

Active  Soil  Coefficient  -  Ka 

Passive  Soil  Coefficient  -  Kp 

Height  of  Water  over 
Top  of  Dam  or  Spillway  (ft) 

Height  of  Soil  for  Active  Pressure  (ft) 

Height  of  Soil  for  Passive  Pressure  (ft) 

Height  of  Water  in  Tall  race  Channel  (ft) 

Weight  of  Water  (K/ft3) 

Area  of  Segment  No.  4  (ft*) 

Distance  from  Center  of  Gravity  of 
Segment  No.  4  to  Downstream  Toe  (ft) 

Height  of  Ice  Load  or  Active  Water  (ft) 
(does  not  Include  14) 

Seismic  Coefficient  (g) 

Aftfrt  or  5e.g (v\eVT  S 

RESULTS  OF  ANALYSIS 
Factor  of  Safety  vs.  Overturning 
Oistance  Front  Toe  to  Resultant 
Factor  of  Safety  vs.  Sliding 


ANALYSIS  CONDITION 
2  3  4 
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